surgery must be made carefully and with due consideration of the implications of the decisions.
In order to help physicians with the timing of surgery over the course of surveillance, the American College of Gastroenterology (ACG) has endorsed guidelines stating that surgery is absolutely indicated for FAP patients with CRC or colorectal symptoms. Relative indications for prophylactic surgery include: multiple adenomas >6 mm, an adenoma with high-grade dysplasia (HGD), inability to adequately survey the colon, and a significant increase in the number of adenomas [5] . A scoring system has been developed based on polyp number, degree of dysplasia, and size of polyps that can be used to suggest an intervention [6] . While these tools can help with the decision to offer surgery, there is no predictive tool that allows an estimation of the likely time that surgery will need to be done. Such a tool could help with life and financial decisions within the affected family and may even help compliance with surveillance. In this study, we develop and present a web-based scoring system that can help predict the likelihood of surgery within 2 and 5 years in patients with newly diagnosed FAP.
MethodS
The Sanford R. Weiss, MD, Center for Hereditary Colorectal Neoplasia at the Cleveland Clinic maintains an Institutional Review Board-approved database (Cologene ™ ). This database, which exists within the David G. Jagelman Inherited Colorectal Cancer Registry, was queried to identify FAP patients <30 years of age at the time of first colonoscopy. All patients enrolled in the registry sign an informed consent, which allows their anonymized data to be used for research. The registry is approved by the Institutional Review Board of the Cleveland Clinic yearly.
Because the goal of the analysis was to study contemporary surgical practices, patients who had their first colonoscopy before the year 2000 were excluded. Patients who were part of randomized clinical trials examining efficacy of chemo-preventive agents were also excluded. Patients who did not have a personal or family APC mutation were excluded from the analysis. Data obtained from the database were verified by two authors (S.S. and M.M.) through review of individual patients' electronic medical record (Epic ™ ).
Baseline Patient Characteristics
Baseline demographic characteristics were summarized. Information about family history of cancers, desmoids, and FAP were obtained from the database and independently verified in the patient electronic medical record. Patients using sulindac, celecoxib, or other non-steroidal anti-inflammatory drugs (NSAIDs) for >3 months were considered as being exposed to chemo-preventive medications. Genetic mutation information was entered into National Center for Biotechnology Information's Clinvar tool [7] or the International Society of Gastrointestinal Hereditary Tumors' (InSiGHT's) Leiden Open Variation Database (LOVD) [8] to obtain information about mutated codon location in the APC gene and type of mutation in those with point mutations (frameshift, missense, nonsense, splice site mutation). Information about de novo inheritance was obtained. A de novo mutation was based on either negative APC testing or lack of FAP phenotype (>10 adenomas, CRC, or need for colectomy by the age of 40) in parents.
Genotype-phenotype correlations (GPC-Loc) were made based on the location of the mutated APC codon as previously described by Nieuwenhuis et al. [9] . Codons 1-157, alternatively spliced 9th exon, and 1596 to end were associated with attenuated phenotype; codons 158-1249 and 1465-1595 excluding alternatively spliced 9th exon were associated with intermediate (classical) phenotype; and finally, codons 1250-1464 were associated with severe (profuse) phenotype. Large deletions spanning multiple exons or whole gene were coded separately.
The patients' first colonoscopy report was reviewed to identify the number of polyps present (grouped into 0-20, 21-99, or 100+ polyps), the site of the colon where polyps were most prominent, the number of rectal polyps, the presence of polyps >9 mm, and the percent of polyps resected during the colonoscopy. Polyp prominence was defined according to which segment of the colon had a majority of the polyps: right colon predominant, left colon predominant, or no predominance (equal left and right). Path ology reports were used to identify presence of HGD.
Surgical Indications
Information about date of first surgery, type of first surgerycolectomy with ileorectal anastomosis (IRA), total proctocolectomy (TPC) with ileal pouch anal anastomosis (IPAA), and TPC with end ileostomy (TPC-EI)-and indication for surgery were obtained from operative notes and progress notes. Colonoscopic data were used to corroborate the indication listed in the database. Frequency of each surgical indication was noted and divided by total number of patients who underwent surgery to obtain percentage of patients who underwent surgery for that indication. Frequencies of patients who underwent colectomy with IRA and TPC with IPAA were compared using χ 2 -analysis in an omnibus and pair-wise manner.
Time to Surgery and Modeling
In making these calculations, time to surgery was defined as the time from the first colonoscopy to the time of the first prophylactic colorectal surgery. In patients who did not undergo surgery, the censor point was chosen as the time of last colonoscopy. Univariate Cox regression analysis was done to assess the factors associated with surgery. Kaplan-Meier (KM) curve was constructed to demonstrate time to surgery for all included patients along with life-tables showing cumulative incidence with SE. KM curves were also constructed to demonstrate differences in time to surgery based on factors found to be significant (p < 0.05) on univariate analysis and by gender. All initial/baseline variables were considered for inclusion in the model and an automated forward stepwise variable selection method performed to choose the final model. To the best of our knowledge, we did not have any missing variables in our data. Multivariate Cox regression analysis was performed for variables chosen for the final model. For factors found to be significant at p < 0.05 in this final model, regression coefficients were used to construct a likelihood score for all Receiver operator curve (ROC) analysis was performed to assess the predictive ability of likelihood score from the final model to predict surgery within 2 and 5 years from the time of first colonoscopy. Internal validation of the final multivariate model was achieved using bootstrap resampling approach with 1000 replications. After likelihood scores of patients were ranked in an ascending order, patients were divided into four quartiles (>0-25th percentile, 26th-50th percentile, 51st-75th percentile, and 76th->99th percentile). KM curve was created showing time to surgery during a 5-year span differentiated by likelihood group assignment. In addition, the cumulative incidence of surgery over the 5-year interval was calculated for each of the quartile-based groups along with positive likelihood ratio of surgery within 2 and 5 years, respectively. All statistical analyses were conducted using Stata SE, version 15.0 (StataCorp, College Station, Texas, USA).
reSultS

Baseline Characteristics of Included Patients
Two hundred and eleven patients representing a total of 611.3 patient-years of surveillance were included for analysis. The mean age at first colonoscopy was 16.2 years, and 52.6% of patients were female. Forty-five percent of the patients underwent surgery (22.3% IRA; 19.4% IPAA; and 3.3% TPC-EI) at a mean age of 20.1 years. Thirty-five (16.6%) patients were exposed to chemopreventive medications for >3 months: sulindac was prescribed in 20 (9.4%) patients, celecoxib in 14 (6.6%) patients, and other NSAIDs in 3 (1.4%) patients (these are not mutually exclusive categories). Colorectal cancer was diagnosed in 8 patients (3.8%), and 7 of these were diagnosed during baseline colonoscopy. One 29-year-old patient was a diagnosed with a stage IIIA rectal cancer. This was identified on a subsequent (second) colonoscopy performed almost 1 year after the initial colonoscopy. Other clinical and endoscopic characteristics of these patients are noted in Table 1 . The Kaplan-Meier curve demonstrating time to surgery, along with corresponding life-table is shown in Fig. 1 . The majority of the surgeries occurred within the first 5 years of initial colonoscopy.
Univariate Analysis of Factors Associated with Surgery
Unadjusted Cox regression analysis demonstrated multiple factors associated with surgery as summarized in Table 2 . For every 1-year increase in the age since the first colonoscopy, the likelihood of surgery increased by 9% (95% confidence interval (CI), 6-10%; p = <0.001). For every 1 kg/m 2 increase in body mass index at the time of first colonoscopy, the likelihood of surgery increased by 10% (95% CI, 7-15%; p = <0.001). 
Multivariate Analysis of Factors Associated with Surgery
Results of stepwise multivariate Cox regression are displayed in ROC analysis for the model revealed area under the ROC curve (AUC) of 0.8741 (0.8234-0.9246), and 0.8402 (95% CI 0.7869-0.8935) for predicting surgery within 2 and 5 years, respectively (Fig. 3a, b) . The model was validated using 1000 resampling simulations with resultant AUC: 0.8741 (95% CI 0.8237-0.9245), and 0.8402 (95% CI 0.7882-0.8922) for 2-and 5-year likelihood of surgery, respectively. This suggests excellent internal validity.
Likelihood score of <3.18 was used to define the >0-25th percentile group. The cumulative incidence of surgery for this group within two years was 2 ± 2% and within 5 years was 10.9 ± 6.7%. Positive likelihood ratio (+LR) for both 2 and 5 years for this group was 1.
Likelihood score between ≥3.18 and <4.434 was used to define the 26th to 50th percentile group. Cumulative incidence of surgery for this group within 2 years was 11 ± 4.7% and within 5 years was 53.8 ± 11.5%. For this group, +LR for surgery within 2 years was 1.51 and +LR for surgery within 5 years was 1.59.
Likelihood score between ≥4.434 and <5.852 was used to define the 51-75th percentile group. Cumulative incidence of surgery for this group within 2 years was 45.1 ± 7.7% and within 5 years was 71.8 ± 10.6%. For this group, +LR for surgery within 2 years was 2.72 and +LR for surgery within 5 years was 2.82.
Likelihood score of ≥5.852 was used to define the 76->99th percentile group. Cumulative incidence of surgery for this group within 2 years was 82 ± 6% and within 5 years was 92.8 ± 4.6%. For this group, +LR for surgery within 2 years was 6.26 and +LR for surgery within 5 years was 7.11. Time to surgery for each of the four groups is depicted in Fig. 4 .
The above equation was used to create a web-based scoring system to characterize likelihood of surgery in 5 years after first colonoscopy in patients newly diagnosed with FAP: http://app. calculoid.com/#/calculator/29638. Screenshot of this web-based model, along with a fictional simulation is included (Fig. 5) .
SuPPleMentAl reSultS
Supplemental table shows indications for surgery by surgery type. Most patients (54.7%) underwent surgery for numerous polyps. This was followed by large polyps (30.5%), significant increase in numbers of polyps between surveillance colonos- 
dIScuSSIon
A new diagnosis of FAP creates anxiety and uncertainty for patients and family members, particularly regarding the need for surgery. Although colorectal surgery is almost certain, the type and timing of surgery vary according to multiple factors. This study identifies measurable factors and creates a model that could be used with patients and families to help predict the likelihood of surgery within 2 and 5 years from the time of first colonoscopy at our institution. This information could assist patients in planning various life events and allow them to prepare mentally and physically for the surveillance ahead of them. This study reflects the philosophy of care of patients with FAP that is well established at the Cleveland Clinic. The basic premise of the philosophy is to balance CRC prevention with quality of life, for every patient, no matter the age or the background. Surgeons in different centers may approach the timing of surgery and type of operation in FAP based on provider preference and not on absolute and relative indications for surgery as recommended by the ACG guidelines. As we demonstrated in our paper, the majority of surgical decisions were based on the indications as set forth by the ACG guidelines on absolute and relative indications for surgery [5] . These include numerous polyps; large polyps; a significant increase in number of polyps between exams, and the presence of HGD. For that reason, we believe our data is valuable and the model generalizable both as a tool for gastroenterologists and an evidence-based approach for surgeons. Gastroenterologists are often the first provider diagnosing FAP and it will help them generate a discussion with patients and families about the medical factors associated with timing of surgery. Other FAP centers of excellence may choose to develop similar internally validated predictive tools based on factors that reflect their own philosophies to assist their patients in planning timing of surgery. Gender, GPC-Loc, and BMI were identified as independent risk factors of surgical timing, probably because of their relationship with FAP phenotype. A large Swedish study has noted that female probands with FAP were diagnosed with symptoms and CRC significantly earlier than male probands [10] . Previous studies have shown that patients with APC mutations that correspond to severe or intermediate GPC-Loc were noted to have profuse phenotype and an earlier time to second surgery than those with attenuated GPC-Loc [9, 11] . Although patients with large deletions in the APC gene previously corresponded to the "classic" phenotype [12] , our study demonstrates that these patients have greater likelihood of surgery than those with severe or intermediate GPC-Loc. BMI was noted to have an inverse relationship with time to surgery. Although no research identifies BMI as a risk factor for severe phenotype in FAP, obesity and metabolic syndrome have been associated with adenoma development leading to higher rates of carcinoma [13, 14] . This effect is often balanced by a tendency to defer surgery in morbidly obese patients to allow a period of attempted weight reduction.
The effect of age at FAP diagnosis and family history of desmoid tumors on surgical timing likely reflects evolution of surgical practices based on accumulating evidence. Given that CRC is rare before age 20 [15] , surgeons may favor surveillance over surgery in younger patients [16] . Several studies have demonstrated that family history of desmoid disease is a risk factor for desmoid tumor development in patients with FAP [17] . Given that desmoid disease is the primary cause of death in FAP patients post colorectal surgery [18] and that abdominal surgery is another independent risk factor for desmoid development [17] , it is understandable that surgeons choose to delay surgery in FAP patients with family history of desmoids.
The initial colonoscopic characteristics that were associated with surgery roughly parallel some of the relative surgical indications outlined by ACG, including having large polyps, having numerous polyps, and presence of HGD [5] . Even the scoring system that was previously designed to help guide need for surgery after surveillance outlines the same factors as being important for surgical decision making [6] . Therefore, it is not surprising that these factors present on initial colonoscopy predict surgery. However, these are indeed relative indications-and as illustrated in our likelihood score-presence of only one of these factors is not sufficient to assign a patient with high likelihood for surgery.
As recognized at the InSiGHT (International Society for Gastrointestinal Hereditary Tumors) 2017 meeting [19] , and elsewhere [20] , there is a significant interest in examining the role of chemoprevention in delaying surgery in FAP. Previous studies have established the role of chemo-preventive agents in reducing polyp burden [21] [22] [23] [24] , however, to date, no studies have examined time to surgery as an end point.
In our previous study, we found that use of chemoprevention was associated with reduced polyposis rate [25] . In this study, we demonstrate that the use of chemoprevention, an independent factor associated with a decreased likelihood of colorectal surgery at 2 and 5 years in patients with FAP, which has not been shown previously. In addition, the web-based scoring system may allow for consideration of the use of chemoprevention as an adjunct to endoscopy to delay surgery based on the patients' complex risk profile if validated in other populations. While it may be considered there is bias regarding patients on chemoprevention self-selecting delay in surgery, only 16% of patients were exposed to chemoprevention and surgeons were not typically involved in the prescribing of non-steroidal anti-inflammatories except in the case of patients with desmoids. Celecoxib use was primarily for the management of stage III duodenal polyposis.
Similar to the impact of chemoprevention, polypectomy has been associated with reduced polyp numbers. In a previous study, polypectomy of at least 30 adenomas was attempted to delay surgery in 21 patients with FAP. Most patients experienced significant decrease in polyp burden, with only two patients undergoing surgery during an average follow-up of 11 months [26] . Our study, using a significantly larger sample size highlights the role of aggressive polypectomy as an independent factor in delaying surgery. Similar to above, the discussion regarding chemo-
Study Highlights
WHAT IS CURRenT knOWleDge ✓Surgery is the mainstay of treatment for polyposis and prevention of colorectal cancer (crc) in familial adenomatous polyposis.
✓colorectal surgery is often performed in teens and young adults during the formative years. 
Web-Based Model for Predicting Time to Surgery in… © 2018 The American College of Gastroenterology
The American Journal of GastroenteroloGy prevention, our web-based tool allows for confirmation of the utility of polypectomy (at various levels) in patients with varied risk profiles. However, the risk of deferring surgery by polypectomy is that advanced lesions may be missed, patient compliance may decrease, or polypectomy may be inefficient. Any of these events may lead to an interval cancer, and cancer prevention is the top priority of care. Polypectomy done to defer surgery must therefore be used with caution.
We recognize limitations of this study. As with any retrospective analysis, this study is prone to data omissions and misrepresentations. However, verifying data recorded in our polyposis registry with data in the electronic medical record by two independent investigators allowed a more accurate representation of patient data. Additionally, although all surgeries had a clear medical indication, patients' preference could have skewed the results of our study. Furthermore, the vast majority of the colonoscopies (CAB, JMC) and surgeries (JMC, MFK) were performed by three highly experienced physicians, which allowed for consistency in management and high quality, and detailed procedural reports.
concluSIonS
In patients with FAP, surgery continues to be the predominant choice of therapy to prevent or treat CRC. Using 16 years of FAP patient data at our institution, we developed an internally validated, accurate web-based clinical tool to help clinicians to determine the likelihood of surgery within 2 and 5 years since first colonoscopy in patients with FAP based on readily available clinical and endoscopic factors. With this tool as an example of an accurate model in our institution, clinicians can help guide discussions regarding surgical timing in context of life events, and potentially the role of modifiable factors, such as chemoprevention and polypectomy in potentially delaying surgical intervention. External validation of our model in centers that use the medical indications for surgical timing, rather than patient or surgeon preference of timing is possible. But, ultimately, development of separate, internally validated models that reflects surgical practices at specific institutions is likely to be a more optimal solution.
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